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Abstract 
The paper investigates how the tlevel of re-provisioning of lightpaths can affect the calculation of the cost of 
lightpaths and consequently the result of routing decisions. The paper introduces a re-provisioning mechanism with 
partial re-routing capabilities to lower the Co2 emission rate while it provides the most available routes between any 
pair of source and destination. The paper provides a thorough analysis of adaptive green routing mechanism by 
establishing a partial re-provisioning environment to analyze how the re-provisioning level can affect Co2 emission 
level, blocking rate, and resource allocation. 
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1. Introduction 
     When emission topology table introduced in [1] is changed, new link state advertisements (LSAs) 
detailed in [2] are disseminated in the network to advertise the new energy source information to update 
the current emission topology. New connection requests can then be routed with fresh emission 
information. However, previously established connections must also be re-provisioned. That is, 
calculating new routes by employing new emission information and replacing the old route reduces the 
emission. The approach proposed in this paper has been adopted from the work presented in [3] with 
modifications to parameters and variables which balance the trade-off between Co2 emission reduction 
and re-provisioning overhead for Hybrid Energy aware SLA Based (EASB) routing mechanism 
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introduced in the previous work presented in [4], for generalized multiprotocol label switching (GMPLS) 
controlled network [5]. The method proposed in this paper also presents route availability as a constraint 
for the process of selecting new routes, when rerouting a previously established connection occurs. 
2. Related Work 
The authors of [1] and [2] have shown that it is possible to reduce the emission in GMPLS controlled 
network by an increase in average length of provisioned route and overall blocking rate of the network. 
The authors have built an emission topology database which is kept updated with new opaque LSAs 
introduced in [2]. The Dijkstra algorithm uses this database to find a route that has the minimum 
emission. 
The authors of work in [3] have shown an approach for their energy and emission aware routing 
mechanism with different savings in emission by re-routing the previously established tunnels. This 
approach will also be used in this paper. This paper is continuation of the previous work done in [4], 
introducing the hybrid energy aware service level agreement (SLA) based routing mechanism (EASB). A 
quick review of the previous work is advantageous before introducing dynamic re-provisioning of hybrid 
energy aware and SLA based routing mechanism (DR-EASB).  
EASB presented in [4] uses modified link availability introduced in [6] which is logarithmic form of 
optical link availabilities, to find the k most available routes using the algorithm in [7] between source 
and destination of connection request. Then, the length (hop count) of each of the k routes is calculated. In 
another process, the Co2 emission of the route (which is the sum of emission of all intermediate links of 
the route) is calculated, using the same emission topology database built in [1]. The cost function to 
calculate the Co2 emission of each link is calculated using (1), where Pnode_i is the energy power of node i, 
Di is the degree or number of optical interfaces of node i, Pnode_j is the energy power of node j, Dj is the 
degree or number of optical interfaces of node j,    is the total number of optical amplifiers of the 
link between node i and node j, PAmp is the power required by each amplifier. E(i,j) is also the emission in 
units of [ gram Co2 /kWh] of the link connecting node i and node j, determined by interpretation of LSAs 
introduced in [2]. 
   

 

        (1) 
The unit of   is then given as [gram Co2 /h] which is the rate of Co2 emission of the link 
connecting node i and node j. The different values of   create a separate topology database 
called emission topology database. Eventually the length of each route is combined with the Co2 emission 
value of the route, using a balancing factor, α, similar to approach in [8] to produce a hybrid cost 
presented in (2), where  is the length of the route and  is the emission factor of the route. 
The route with lowest hybrid cost that meets the availability requirements of the connection request, 
serves the request. 
        (2) 
Since EASB is not capable of re-provisioning and re-optimizing previously established connections, 
those connections stay in a non-optimized emission state when the emission and power topology change. 
That is, the route with minimum hybrid cost that meets SLA requirements might not have the minimum 
hybrid cost and emission due to emission topology change. This issue is addressed with introducing DR-
EASB routing mechanism in this paper as well as considering the trade-off between emission reduction 
and total number of re-provisioning. The authors of [9] and [10] have proposed power and energy values 
for various optical network elements that are used in the simulation section of this paper. 
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3. DR-EASB Routing Mechanism  
When the emission topology database introduced in [1] is changed, it is necessary to check all 
established connections for their emission. It is required to find a “new” route that has lower emission 
than the current old route of each previously established connection. When a new route with a lower 
emissions value is found for a previously established connection, the resources or wavelengths of the new 
route must be assigned and new (replacing) route must be established before releasing the old route of the 
previously established connection. The re-provisioning mechanism has two parts. First part finds the new 
route, and the second part establishes the new route, and releases the old route. The second part is done 
only if the rerouting process approves that the new route needs provisioning again when it meets the re-
provisioning criteria. The new route with new and lower emission meets the criteria and is preferred over 
the old route if the emission value of the route is less than a certain preconfigured threshold percentage. 
This method of re-provisioning has been introduced and detailed in [3]. The approach in this paper is 
different from the adopted approach presented in [3] in the sense that the route is accepted after all, if it 
meets the required availability in the SLA of previously established connection. By assigning an 
appropriate value to the rerouting threshold, emission of the network can be reduced while not replacing 
the old routes of previously established connections that do not have a new “approved” route. This saves 
the re-provisioning from performing the second part when there is not an acceptable reduction in emission 
for a currently established route. The goal is to minimize the re-provisioning operation and minimize the 
number of second operation:  resource assignment, establishing new route and releasing the old route. The 
name of dynamic provisioning comes from the fact that the decision on replacing the route of a currently 
established connection can be changed depending on the preconfigured threshold percentage ξ. The steps 
for DR-EASB algorithm is shown in Algorithm 1. 
 
Algorithm 1: DR-EASB 
Run EASB Algorithm [4] 
     When re-provisioning occurs 
    1.WHILE (there is no re-provisioned established connection) 
    2.   Find k most available routes between source and destination of the established connection 
    3.   Calculate the emission of each route using emission topology database in [1] 
    4.   Calculate the hybrid cost using (1) 
         5.  Find the route with lowest hybrid cost that meets the requested connection availability in the   
SLA of connection using (2) 
    6.   IF (route is found) 
    7.        IF ((costold-costnew)/costold)> ξ 
    8.              Increment total number of re-provisioning 
    9.              Assign wavelengths & establish new route  
    10.            Release old route 
    11.            Update dynamic routing table 
    12.       END 
    13.    END 
    14. END 
END 
 
This paper will determine the appropriate re-provisioning threshold in percentage as well as the re-
provision algorithm for EASB. Likewise EASB, DR-EASB also uses a dynamic routing table that is 
changed with available number of wavelengths. That is, a link with zero available wavelengths has 
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infinity cost and is not used in the routing process. Once a zero available lambda is changed to one or any 
other number, the link is considered in the routing process. A counter has been implemented to count the 
total number of complete re-provisioned connections (first and second part) whose purpose is detailed in 
the simulation results Section. 
4. Performance Analysis 
4.1. Simulation Environment  
The simulation network is NSFNet network presented in Figure 1. Each link has 64 available 
wavelengths. The distance separating links has been placed on top of each link and is measured in km. 
The first fit (FF) wavelength assignment [11] is used in optical plane without continuity constraint. Each 
optical amplifier is placed every 80 km. Any random type of energy sources and corresponding Co2 
emission introduced in [12] can power optical links in the network and this information is exchanged 
through the network using the dynamic negotiation method proposed in [2]. The emission database is 
assumed to have a 6 hour change interval. The arrival process of connection requests is simulated with 
Poisson process with mean arrival rate of 6 minutes. The duration period of connections is simulated 
using exponential distribution with the mean value of 12 hours. 
 
Figure 1 NSFNet network topology 
4.2. Simulation Results 
The simulation results section investigates changes on three different factors affecting the network 
performance. The first factor is the average Co2 emission per lambda. This factor is the total emission of 
previously established and finished connections over the total number of lambdas assigned to connections 
in the period of 6 hours, everyday. Second factor is the average route length or average number of 
assigned lambdas per connection. This value is ratio of total number of assigned lambdas every 6 hours to 
number of previously established and released connections within 6 hours, everyday. The last measured 
value is the total number of lambdas assigned per 6 hours to previously established or released 
connections in a day. The blocking rate which is the ratio of the number of unsuccessful connections to 
the number of established connections, due to resource unavailability or failure, gives an average of 6.5% 
for all scenarios and is not graphed. 
Figure 2 investigates the effect of changes on re-provisioning threshold on the amount of connection 
emission per wavelength for different mechanisms. The results of analysis depicted in Figure 2 shows a 
total of 15% reduction in emission with using DR-EASB (ξ=0%) that reroutes any established connection 
with any value of emission saving (even 1%), which results in maximum number of re-provisioning. The 
other threshold values have higher emissions corresponding to the threshold percentage ξ.  
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Figure 2 Amount of connection emission per lambda per connection 
The effect of re-provisioning threshold factor changes on the number of assigned wavelength per 
connection is investigated in Figure 3. Figure 3 shows almost similar number of assigned lambda per 
connection for all scenarios. This shows that re-provisioning does not change the average length of the 
routes. As the average length of the routes stays the same in Figure 4, the total number of assigned 
lambdas is not expected to change significantly as shown in Figure 4. As obtained results in Figures 2 to 4 
show, it is evident that choosing different value of ξ will only change the amount of connection emission 
of the network, which confirms the resource efficiency of DR-EASB and EASB.  
 
 
Figure 3 Number of assigned lambdas per connection 
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Figure 5 shows the result of combining the Normalize Total number of Re-Provisioned connections 
(NTRP) versus Normalized Average Emission (NAE) per lambda. This graph shows maximum number 
of re-provisioning at ξ=0% with minimum emission, and zero re-provisioning with highest emission for 
EASB at ξ=100%. Setting ξ=100% implies that new routes must have 100% less emission, which is 
impossible to achieve and corresponds to situation with no re-provisioning, or employing the EASB itself. 
At around ξ=5%, two graphs in Figure 5 cross each other suggesting the balancing point between 
reducing the emission and number of re-provisioning. Setting ξ=30% makes it possible to avoid almost 50% 
of re-provisioning processes.  
 
 
Figure 4. Total number of assigned lambdas for daily established connections 
 
Figure 5 Normalized emission per lambda and normalized number of re-provisioned connections vs. re-provisioning threshold 
factor  
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5. Conclusion 
This paper presented the appropriate level of re-provisioning of lightpaths for EASB routing algorithm 
that affects the result of re-routing decisions. The paper introduced a re-provisioning mechanism with 
partial re-routing capabilities for the EASB routing mechanism that reduced the Co2 emission rate while it 
provided the most available routes between any pair of source and destination. The value (in percentage) 
of threshed for rerouting in dynamic re-provisioning mechanism, introduced in this paper, reduced the 
total number of re-provisioning. The paper provided a thorough analysis of adaptive green routing 
mechanism, by establishing a partial re-provisioning environment to investigate how the re-provisioning 
level can affect Co2 emission level, blocking rate, and resource allocation. 
References 
[1] J. Wang, S. R., Green-Aware Routing in GMPLS Networks. ICNC workshop, 2012 
[2] J wang, S. R., OSPF-TE Extensions for Green Routing in Optical Networks, Opto-Electronics and Communications 
Conference (p. 2). Busan: IEEE, 2012 
[3] J, Wang, S. (2012). Energy-Aware Routing Optimization in Dynamic GMPLS Controlled Optical Networks. ICTON 2012 
[4] Y. Fazili, A. Nafarieh, B. Robertson, Hybrid Energy-aware and SLA-based Routing Mechanism over Optical Networks, 
Procedia Computer Science, vol. 19, pp. 1151-1158, IWSRON 2013  
[5] Adrian Farrel, I. B. (2007). GMPLS Architecture and Applications. San Francisco,: Morgan Kaufmann Publishers. 
[6] A. Nafarieh, B. Robertson, W. Phillips, and S. Sivakumar, Dynamic SLA Negotiation Mechanism in Support of Priority-
aware Algorithms in Shared Mesh Optical Networks, vol. 2, pp. 324-328, ICINC 2010  
[7] J. Y. Yen, Finding the K shortest loopless paths in a network. Management Science, 17:712–716, 1971.  
[8] L. Guo , H. Yu, L. Li. “Joint routing-selection algorithm for a shared path with differentiated reliability in survivable 
wavelength-division-multiplexing mesh networks”, Optic Express 2004, 3:2327–37 
[9] Idzikowski, F., Power consumption of network elements in IP over WDM networks, Berlin: Telecommunication Networks 
Group, 2009 
[10] Angelo Coiro, M. L., Dynamic Power-Aware Routing and Wavelength Assignment for Green WDM Optical Networks. 
IEEE Publications,2011. 
[11] H.Zang, J. P., A Review of Routing and Wavelength Assignment Approaches for Wavelength- Routed Optical WDM 
Networks. Sprint-Labs. 
[12] World-Nuclear.org., Comparative Carbon Dioxide Emissions from Power Generation. From http://www.world-
nuclear.org/education/comparativeco2.html, 2009 
 
 
 
 
